Introduction
============

Idiopathic membranous nephropathy (IMN) is an autoimmune glomerulonephropathy, the pathogenesis of which remains unknown. Pathologically, IMN is characterized by immune complex deposition in glomerular basement membrane (GBM) epithelial cells with diffuse thickening of the GBM ([@b1-br-0-0-555]). IMN is one of the main causes for primary nephrotic syndrome (NS) in adults ([@b2-br-0-0-555]), accounting for 9.89--13.3% of all glomerular nephritis cases in mainland China ([@b3-br-0-0-555],[@b4-br-0-0-555]).

The onset of IMN is insidious and the prognosis varies significantly. IMN can be spontaneously cured in 25--50% patients, while immunosuppressant therapy may fail in other patients, in whom the condition may progress gradually to end-stage renal disease (ESRD) ([@b5-br-0-0-555]--[@b7-br-0-0-555]). According to the classic view based on early studies, male gender, age \>50 years, hypertension, the presence of ultra-large quantities of proteinuria (\>10 g/24 h), and elevation of serum creatinine (SCr) in the beginning of the disease onset are factors unfavorably affecting the prognosis ([@b8-br-0-0-555]). However, the reliability of this conclusion has been challenged by increasing evidence in recent years ([@b9-br-0-0-555]). As all these studies used a 2-fold increase in SCr within 2 years as the surrogate end-point of ESRD, the sensitivity to prognostic judgment of patients with chronic kidney disease (CKD) is inadequate ([@b9-br-0-0-555]).

The latest study of the chronic kidney disease prognosis consortium (CKD-PC) identified that a 30% decrease in the estimated glomerular filtration rate (eGFR) within 2 years was a better surrogate end-point ([@b9-br-0-0-555]). In the present study, this observation end-point was used to follow-up patients with IMN confirmed by clinical pathology in the Kidney Institute of the Chinese People\'s Liberation Army (Shanghai, China), between February 2011 and August 2012, to explore the correlation between the clinicopathological parameters and the prognosis in IMN patients.

Patients and methods
====================

### Patient selection

Included in the present study were 73 IMN patients aged between 18 and 80 years who presented with glomerular membranous nephropathy, as confirmed by renal biopsy, and received treatment, and whose SCr was \<445 µmol/l at the time of recruitment. Exclusion criteria were secondary factors (autoimmune diseases, hepatitis B and C, tumors, excessive exposure to organic solvents and undergoing treatment with some medicines that potentially cause secondary membranous nephropathy), patients with complicated diabetes mellitus, and prealbumin \<200 mg/l.

### Clinical parameters

Gender, age, blood pressure (BP), 24-h urine protein, serum albumin, blood urea nitrogen (BUN), SCr, eGFR as estimated by the chronic kidney disease epidemiology collaboration (CKD-EPI) equation ([@b10-br-0-0-555]), and cystatin C (Cyst C) of all the included patients were recorded.

### Pathological parameters

All the renal biopsy specimens were routinely examined by optical microscopy, immunofluorescence microscopy and electron microscopy. The renal pathology was in accordance with the Ehrenreich criteria. Immunoglobulin G (IgG), IgM, IgA, C3, C4, Clq and fibrin-related antigen were detected by immunofluorescence staining. The percentage of glomerular sclerosis (% GS), severity of tubulointerstitial injury, the type, intensity and location of immunoglobulin and complement deposition were observed by immunofluorescence, and the location of immune complex deposition was observed by electron microscopy. Tubulointerstitial injury area (TIA) was defined as 4 grades. Tubular atrophy, interstitial fibrosis, interstitial edema, interstitial inflammation and acute tubular injury were each graded semiquantitatively on a scale of 0--3^+^ based on the % cortical area affected (absent, ≤25, 26--50 and \>50%, respectively) ([@b11-br-0-0-555]).

### Treatment

For the initial treatment, all the patients received angiotensin receptor blocker (ARB) therapy following biopsy, with the dose adjusted depending on BP. A 6-month course of treatment with prednisone acetate (0.5 mg/kg per day) and cyclophosphamide (1.0 g/m) was implemented in patients who presented with one of the following three conditions 6 months after ARB therapy ([@b12-br-0-0-555]): i) 24-h urine protein \>4 g that remained at a level of 50% higher than the baseline without showing a declining tendency; ii) the existence of severe, disabling or life-threatening clinical symptoms associated with NS; and iii) a ≥30% elevation in SCr within 6--12 months after confirmation of the diagnosis, but eGFR not \<25--30 ml/min/1.73 m^2^, and these changes were not due to NS complications.

### Follow-up records

Follow-up records included 24-h quantitative proteinuria, serum albumin, BUN and SCr. Complete remission (CR) was defined as urine protein \<0.4 g/24 h and serum albumin \>35 g/l for ≥1 month; partial remission (PR) was defined as urine protein decreasing by \>50% and quantitative proteinuria \<3.5 g/24 h and serum albumin \>30 g/l for ≥1 month; no response (NR) was defined as persistent proteinuria within the range of nephropathy without reaching the criterion of urine protein for PR.

### End-point events

A 30% decrease in eGFR or entry of ESRD within 2 years was set as the observation end-point. Patients who entered the end-point or those who did not enter the end-point during the 2-year follow-up period were assigned to two groups.

### Statistical analysis

All the measurement data were treated using SPSS 19.0 (SPSS, Inc., Chicago, IL, USA). Comparison between the two groups was performed using the χ^2^ test, and P\<0.05 was considered to indicate a statistically significant difference. Statistically significant clinicopathological parameters were tested by stepwise multivariate logistic regression analysis, and P\<0.05 was considered to indicate a statistically significant difference. The cumulative risk was analyzed by Kaplan-Meier curve, and the risk difference was tested by log-rank method, using P\<0.05 as statistical significance.

### Ethical approval

All the participants signed their written consent to participate in the study. The protocol was approved by the Ethics Committee of the Second Military Medical University (Shanghai, China).

Results
=======

### General data

Finally, 73 IMN patients were enrolled in the study, including 44 (60.3%) males and 29 (39.7%) females ranging in age from 18 to 80 years with a mean age of 52.8±15.4 years at the time of enrollment. The mean follow-up duration after renal biopsy was 15.35±5.68 months, ranging from 3 to 25.5 months with a median of 16 months.

Severe hypoproteinemia (albumin \<25 g/l) was observed in 35 (47.9%) patients, large quantities of proteinuria (\>3.5 g/l) in 30 (41.1%), microscopic hematuria in 15 (20.5%), accompanying hypertension in 23 (31.5%), and eGFR \<90 ml/min/1.73 m^2^ at the time of renal biopsy in 26 (35.6%) patients. Pathological stages I and II were predominant, accounting for 94.5%. GS occurred as an accompanying sign in 35 (47.9%) patients. TIA was \>25% in 8 patients.

### Follow-up status

All the IMN patients received ARB therapy during the follow-up periods, including 55 patients who received prednisone acetate and cyclophosphamide. Following treatment, 28 (38.4%) patients achieved CR, 21 (28.8%) achieved PR, and 24 (32.9%) patients achieved NR in terms of urine protein. During the 2-year follow-up period, 28 (38.4%) patients reached the observation end-point (all reached a 30% decrease in eGFR, and none reached ESRD), and the remaining 45 (61.6%) did not reach the observation end-point.

Comparison of the baseline data between the two groups showed significant differences in the following six clinicopathological parameters: Age, ≥60 years; SCr, \>97 µmol/l; EPI-eGFR, \<90 ml/min/1.73 m^2^; BUN, \>5.6 mmol/l; serum albumin \<25 g/l; and TIA, \>25% ([Table I](#tI-br-0-0-555){ref-type="table"}). There was no significant difference between the two groups in terms of the pathological stage ([Table I](#tI-br-0-0-555){ref-type="table"}) and the remission rate of urine protein following treatment during the follow-up period ([Table II](#tII-br-0-0-555){ref-type="table"}).

### Multivariate logistic regression analysis

Multivariate logistic regression analysis of the aforementioned six variants showing statistically significant differences between the two groups demonstrating that age ≥60 years, serum albumin \<25 g/l and TIA \>25% were three independent risk factors predicting the occurrence of the end-point event in IMN patients ([Table III](#tIII-br-0-0-555){ref-type="table"}).

Kaplan-Meier curve showed that the occurrence rate of the end-point event was significantly higher in IMN patients with age ≥60 years, serum albumin \<25 g/l and TIA \>25% (log-rank P=0.004, P=0.024 and P=0.001) ([Figs. 1](#f1-br-0-0-555){ref-type="fig"}--[3](#f3-br-0-0-555){ref-type="fig"}).

Discussion
==========

IMN is the most common cause of primary NS in adults ([@b13-br-0-0-555]). The proportion of IMN in primary glomerulonephritis has increased markedly in recent years, accounting for \~20% of patients receiving renal puncture biopsy ([@b14-br-0-0-555]). The clinical prognosis varies greatly: Approximately one-third of the patients can achieve spontaneous remission, and approximately one-third of the patients remain proteinuric with a relatively stable renal function. Long-term follow-up studies have demonstrated that the remaining 30% of the patients may progress to ESRD or succumb within 5--10 years ([@b15-br-0-0-555]--[@b18-br-0-0-555]). However, there is not sufficient research on risk factors affecting the prognosis of IMN. The study results from different centers are largely contradictory, and the results obtained from Asian populations alone are not all the same ([@b19-br-0-0-555]--[@b21-br-0-0-555]). The possible reason for these discrepancies may be due to the fact that all these studies used the 2-fold increase in SCr as the surrogate end-point. Knowing that the phenomenon of 2-fold increase in SCr is an index with poor sensitivity, Coresh *et al* ([@b9-br-0-0-555]) conducted a meta-analysis on SCr levels in 28 cohorts of 1.5 million subjects and identified that in CKD patients with either poor (eGFR \<60 ml/min/1.73 m^2^) or good (eGFR ≥60 ml/min/1.73 m^2^) baseline renal function, the percentage of patients with a 2-fold increase in SCr within 2 years was extremely low, accounting for \<1 and 0.1%, respectively. These figures are by far lower than the actual occurrence. Therefore, this index should not be used as the end-point index to predict the occurrence of ESRD, as it may distort the research results.

According to the suggestion of the CKD-PC, the criterion of a 30% decrease in eGFR within 2 years was used in the present study as the surrogate end-point. The result showed that its sensitivity was 5--10-fold as high as that of a 2-fold increase in SCr. During the 2-year follow-up period, only 6 patients (8.2%) were detected whose SCr increased by 2-fold, while 28 (38.4%) patients reached this end-point (a 30% decrease in eGFR within 2 years) which is consistent with the study in the literature that approximately one-third of the IMN patient would progress to ESRD.

It was found in the present study that age ≥60 years, SCr \>97 µmol/l, EPI-eGFR \<90 ml/min/1.73 m^2^, BUN \>5.6 mmol/l, serum albumin \<25 g/l, and TIA \>25% are all factors that may increase the risk of end-point event occurrence. However, only age ≥60 years, serum albumin \<25 g/l and TIA \>25% are independent risk factors of end-point event occurrence.

Shiiki *et al* ([@b19-br-0-0-555]) analyzed the data of 949 Japanese IMN patients and identified that age ≥60 years was the independent risk factor for ESRD, which is consistent with the present result. The risk of end-point event occurrence in patients \>60 years increased by 3.471-fold in the present study. An earlier study ([@b22-br-0-0-555]) also supported this finding. An older age is a common risk factor for all patients with chronic glomerulonephritis ([@b23-br-0-0-555]). This may be the result of the synergic effect of decreased renal function associated with physiological aging and the disease itself.

The majority of studies believe that tubulointerstitial injury is an important factor predicting the deteriorating progression of renal function in IMN patients ([@b24-br-0-0-555],[@b25-br-0-0-555]). Wehrmann *et al* ([@b24-br-0-0-555]) followed up 334 IMN patients for 5.2 years and revealed that the degree of tubulointerstitial pathological change was the only factor associated with the prognosis. Zuo *et al* ([@b21-br-0-0-555]) observed 217 IMN patients and found that a change in chronic tubulointerstitial was a high-risk factor contributing to the aggravation and progression of the disease to ESRD. Troyanov *et al* ([@b26-br-0-0-555]) also reported that the prognosis was poorer in IMN patients whose renal biopsy reported tubulointerstitial pathological change, which is similar to the present study finding. The stepwise multivariate logistic regression analysis in the present study showed that the risk of end-point event recurrence in patients with chronic TIA \>25% increased by 6.724-fold.

There is no definite conclusion regarding the impact of proteinuria on the prognosis of IMN patients. Studies in the 20th century ([@b27-br-0-0-555],[@b28-br-0-0-555]) reported that the long-term prognosis was extremely good in IMN patients without proteinuria within the range of nephropathy, in whom the 10-year kidney survival was as high as 90--100%, which is different from the conclusion drawn from recent studies. Hladunewich *et al* ([@b29-br-0-0-555]) reported that the prognosis may also be poor in patients whose proteinuria did not reach the range of NS. Polanco *et al* ([@b30-br-0-0-555]) found that the prognosis may be good in patients whose proteinuria reached 12 g/24 h. The present study did not find that proteinuria within the range of NS had any significant influence on the prognosis; however, the risk of end-point event occurrence in patients with serum albumin \<25 g/l increased by 3.195-fold. Kaneko *et al* ([@b31-br-0-0-555]) identified that biological antioxidant potential (BAP) was closely correlated with the serum albumin concentration in patients with idiopathic nephrotic syndrome, and decreased BAP may aggravate the inflammatory response. Roche *et al* ([@b32-br-0-0-555]) also found that serum albumin is the most abundant antioxidant in the living body, and therefore hypoalbuminemia may reduce the ability of the body to repair oxidative stress. As this mechanism also exists in IMN patients, hypoalbuminemia may be the consequence of IMN and the cause that promotes the progression of nephropathy.

In conclusion, since 1993, the US Food and Drug Administration has accepted the use of a 2-fold increase in SCr against the baseline value as the surrogate end-point of progression in chronic nephropathy ([@b33-br-0-0-555]). However, subsequent clinical practices have reported that this criterion is inadequate in various aspects. When a 30% decrease in eGFR within 2 years could be used as the surrogate end-point, the follow-up period and experimental cost could be reduced markedly, and the experiment efficiency could also be improved ([@b9-br-0-0-555]). Taking the above reasons into account, this criterion was used as the end-point in this study and found that age \>60 years, the serum albumin concentration \<25 g/l, and a higher score of chronic tubulointerstitial injury are independent risk factors predicting the progression of IMN patients to ESRD, thus providing an alternative reference for assessing the prognosis of renal disease patients.
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###### 

Comparison of baseline data between patients who reached and did not reach the observation end-point.

  Observation index                                            Non end-point group (n=45), n (%)   End-point group (n=28), n (%)   P-value
  ------------------------------------------------------------ ----------------------------------- ------------------------------- ---------
  Age ≥60 years                                                11 (22.4)                           15 (53.6)                       0.012
  Male                                                         26 (57.8)                           18 (64.3)                       0.581
  Hypertension                                                 12 (26.7)                           11 (39.3)                       0.259
  Blood urea nitrogen \>5.6 mmol/l                             15 (33.3)                           16 (57.1)                       0.045
  Serum creatinine \>97 µmol/l                                 4 (8.9)                               9 (32.1)                      0.012
  Serum albumin \<25 g/l                                       17 (37.8)                           18 (64.3)                       0.027
  Proteinuria \>3.5 g/24 h                                     20 (44.4)                           10 (35.7)                       0.461
  Estimated glomerular filtration rate \<90 ml/min·1.73 m^2^   12 (26.7)                           14 (50.0)                       0.043
  Serum cystatin C \>0.86 mg/l                                 24 (53.3)                           12 (42.9)                       0.348
  Glomerular sclerosis                                         20 (44.4)                           15 (53.6)                       0.448
  Tubulointerstitial injury area \>25%                         2 (4.4)                               6 (21.4)                      0.024
  Pathological stage                                                                                                               0.299
    I                                                          11 (24.4)                             6 (21.4)                      
    II                                                         33 (73.3)                           19 (67.9)                       
    III                                                        1 (2.2)                               3 (10.7)                      

###### 

Comparison of the therapeutic effect and the use of immunosuppressants between the two groups.

  Observation index       Non end-point group (n=45), n (%)   End-point group (n=28), n (%)   P-value
  ----------------------- ----------------------------------- ------------------------------- ---------
  Complete remission      20 (44.4)                             8 (28.6)                      0.175
  Partial remission       14 (31.1)                             7 (25.0)                      0.575
  No response             11 (24.4)                           13 (46.4)                       0.052
  Immunosuppressant use   32 (71.1)                           23 (82.1)                       0.288

###### 

Multivariate logistic regression analysis on idiopathic membranous glomerulonephritis progression to the observation end-point.

  Observation index                      OR value   P-value
  -------------------------------------- ---------- ---------
  Tubulointerstitial injury area \>25%   6.724      0.044
  Serum albumin \<25 g/l                 3.195      0.034
  Age ≥60 years                          3.471      0.025
  Blood urea nitrogen \>5.6 mmol/l       0.046      0.830
  Serum creatinine \>97 µmol/l           2.157      0.142
  eGFR \<90 ml/min·1.73 m^2^             0.021      0.884

eGFR, estimated glomerular filtration rate; OR, odds ratio.
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